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osting by EAbstract Cucurbitaceae is one of the largest families in vegetable kingdom consisting of largest
number of edible type species. Momordica charantia is one such important vegetable that belongs
to the family of Cucurbitaceae. In order to evaluate the effect of rate and time of nitrogen applica-
tion on M. charantia, a ﬁeld experiment was conducted at the University of Zabol in Iran during
2011 growing season. The experiment was laid out as split plot based on randomized complete
block design with three replications. Three levels of nitrogen rates consisting of: N1 = 75,
N2 = 150 and N3 = 225 kg N ha
1 as main plot and three time application including: T1 = 1/2
at 3 and 4 leaves and 1/2 before ﬂowering, T2 = 1/2 at 3 and 4 leaves and 1/2 after fruit to start,
and T3 = 1/3 at 3 and 4 leaves, 1/3 before ﬂowering, and 1/3 after fruit to start were used as sub
plot. The results revealed that both rate and time of nitrogen application had a signiﬁcant effect
on fruit yield. The highest fruit yield was recorded at the rate of N3 and time of nitrogen application
in T3 treatment. In this study, by increasing nitrogen levels from 75 to 225 kg N ha
1, the values of
nitrogen, phosphorus and potassium content in fruit increased. The time of nitrogen application
and interaction between rate and time of nitrogen treatments had no signiﬁcant effect on the
amounts of these three elements. Nitrogen level had a signiﬁcant effect on the amounts of calcium,
manganese and zinc elements. The highest values of calcium and zinc were obtained at N2 andculty of Agronomy and Plant
abol, Zabol 98615-538, Iran.
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130 M. Heidari, M.M. Mohammadmanganese at N3 nitrogen level. Time of nitrogen application treatment in this experiment had only
signiﬁcant effect on the amounts of calcium and zinc elements and had no signiﬁcant effect on the
other elements.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Momordica charantia a member of the cucumber family-cucur-
bitaceae, is commonly known as bitter melon. It is a tropical
plant currently distributed across the globe but mainly concen-
trated in East Africa, Asia and throughout South America.
The plant is adapted to a wide variation of climates although
production is best in hot areas (Binder et al., 1989). Concern-
ing with condition requirements of cultivation, the plant is sim-
ilar to cucurbita crops especially in irrigation, fertilization and
weather. Bitter melon is an annual, slender, climbing plant
with long-stalked leaves. All parts of the plants, including
the fruit, tasted very bitter. Although the seeds, leaves and
vines of bitter melon have all been used as food and remedy,
the fruit is the safest and most prevalent part of the plant used
(Yen and Hwang, 1985).
Plant nutrition is one of the most important factors that
increase plant production. Nitrogen (N) is one of the most
important nutrients affecting the growth, development, yield
and fruit quality of plants (Gerenda´s et al., 1997). In addi-
tion, nitrogen is found in important molecules such as pur-
ines, pyrimidines, porphyrins, and coenzymes. Purines and
pyrimidines are found in the nucleic acids RNA and DNA,
which are essential for protein synthesis. The porphyrin struc-
ture is found in metabolically important compounds such as
the chlorophyll pigments and the cytochromes, which are
essential to photosynthesis and respiration (Baranauskienne
et al., 2003).
Although adequate supply of N to crops is fundamental to
optimize crop yields, but the mismanagement of nitrogen, such
as excessive N application can result in contamination of
groundwater (Jaynes et al., 2001). Moreover, the nitrogen
availability and internal distribution plays a critical role in
the regulation of various growth-related and morphogenetic
aspects of plant development that are usually attributed to
hormonal factors. Increased N supply stimulates plant growth
and productivity, as well as photosynthetic capacity of leaves
through increased amounts of stromal and thylakoid proteins
in leaves (Hikosaka, 2004; Teixeira Filho et al., 2011).
Phu (1996), reported that N and K fertilizer applications
had a signiﬁcant effect on the yield of cucumber variety Poung.
Nitrogen and Potassium rate at 100–100 kg ha1 gave promis-
ing number of fruits, main stem length, branches and yield.
Watcharasak and Thammasak (2005), found that fertilization
of 150 mg N L1 gave the highest leaf number, leaf area, fresh
and dry weight of shoot and roots in cucumber. Ahmed et al.
(2007), reported that an increase in nitrogen application re-
sulted in maximum fruit length, fruit weight, vine length and
yield of cucumber.
Therefore the objectives of this work were to investigate the
effect of rate and time of nitrogen application on fruit yield
and accumulation of nutrient elements in M. charantia.2. Materials and methods
A ﬁeld experiment was conducted at the research farm of Zabol
University in Iran (latitude of 30540Nand longitude of 61410 E
with an elevation of 481 m) in the season of 2011. The ﬁeld soil
was sandy loam in texture, having pH, 7.3; EC, 1.85 ds m1;
0.75% of organic carbon; 0.06% N, 9.2 and 125 ppm of avail-
able P and K, respectively. The experiment was laid out as split
plot based on randomized complete block design with three rep-
lications. Nitrogen was applied in the form of urea (46% N) at
the rates of: N1 = 75, N2 = 150, and N3 = 225 kg N ha
1 as
main plot and three time application including: T1 = 1/2 at 3
and 4 leaves and 1/2 before ﬂowering, T2 = 1/2 at 3 and 4 leaves
and 1/2 after fruit to start, and T3 = 1/3 at 3 and 4 leaves,1/3 be-
fore ﬂowering, and 1/3 after fruit to start was used as sub plot.
Each plot had ten plants having inter row and inter plant
spacing that were 90 and 60 cm, respectively. In this study
phosphorus and potassium were applied at the rate of 150
and 100 kg ha1 as triple super phosphate and potassium sul-
fate, respectively before sowing.
By the end of the season, fruits were sampled and total fruit
yields were determined (g m2). Then oven dried at 70 C and
crushed into powder form to determine the fruit mineral con-
tent. For nitrogen content, samples were digested according to
the method of Chapaman and Pratt (1961) and total nitrogen
content was determined using Kjeldhal method. Phosphorus
content was determined using the method of Jackson (1962),
which is calorimetrically determined using 350 Corning color-
imeter. According to the method of Knudsen et al. (1982)
potassium content was determined by Jenway PFP7 Flame
photometer (Keison Products, UK). For trace elements analy-
sis, the method by Edward (1999) was applied using Konic
atomic absorbtion spectrophotometer.
2.1. Statistical analyses
All data were analyzed with SAS Institute Inc. 6.12 software.
All data were ﬁrst analyzed by ANOVA to determine signiﬁ-
cant (P= 0.05) treatment effects. Signiﬁcant differences be-
tween individual means were determined using Duncan
multiple range test. Data points in the ﬁgures represent the
means ± SE of three independent experiments at least three
replications per treatment combination each.3. Results and discussion
3.1. Fruit yield
Both nitrogen level and time of nitrogen application had a sig-
niﬁcant effect on fruit yield (Table 1). In the present investiga-
tion, the highest fruit yield (1722.1 g m2) was recorded at the
Table 1 Results of two-way analysis of variance (ANOVA) of rate of nitrogen (N) and time of nitrogen application (T) effects and
their interaction (N · T) for the variables listed.
Dependent variable Independent variable (mean square)
Block N Ea T N · T Eb
Fruit yield 3925.9a 2723052.8** 590400.08 285986.3* 61996.1a 71922.6
Nitrogen 0.00085 a 4.198** 0.0125 0.00819a 0.00738a 0.00194
Phosphorus 0.00041a 0.0667** 0.0088 0.000908a 0.00079a 0.0022
Potassium 0.1311a 1.985** 0.0572 0.026a 0.052a 0.065
Iron 0.0001213** 0.000449a 0.00168 0.0002414a 0.000255a 0.001087
Magnesium 0.000097a 0.0078a 0.0026 0.0078a 0.0025a 0.0051
Calcium 0.0000059a 0.00018** 0.000003 0.000015* 0.000013* 0.000003
Manganese 0.0000003a 0.029** 0.0000005 0.00000002a 0.00000015a 0.0000002
Zinc 0.000006a 0.0303** 0.0000089 0.000032* 0.0000011a 0.0000065
Number represent F-values at 5% level.
a Non-signiﬁcant.
* Signiﬁcant at P< 0.05.
** Signiﬁcant at P< 0.01.
Table 2 Fruit yield and nutrient elements content in Momordica plants subjected to rate and time of nitrogen application.
Treatment Fruit yield (g m2) Nitrogen Phosphorus Potassium Iron Magnesium Calcium Nutrient elements
Manganese Zinc (mg g1 DM)
Rate of nitrogen application
N1 634.1b 1.158c 0.047b 2.42b 0.049a 1.45a 0.0489b 0.304b 0.513b
N2 1036.9ab 1.515b 0.178b 2.49a 0.0497a 1.48a 0.0569a 0.403a 0.615a
N3 1722.1a 2.478c 0.21b 3.26a 0.04975a 1.51a 0.0568a 0.404a 0.613a
Time of nitrogen application
T1 1055.3b 1.690a 0.135a 2.67a 0.04971a 1.51a 0.0534b 0.37067a 0.582a
T2 1003.1b 1.749a 0.146a 2.72a 0.0497a 1.452a 0.0535b 0.37072a 0.5801b
T3 1334.7a 1.712a 0.155a 2.78a 0.0497a 1.488a 0.05576a 0.37062a 0.579b
Means, in each column and for each treatment, followed by at least one similar letter are not signiﬁcantly different at 5% probability level-using
Duncan Multiple Range Test.
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Figure 1 Changes in the fruit yield of Momordica charantia
subjected to rate and time nitrogen.
Effect of rate and time of nitrogen application on fruit yield 131fertilizer level of 225 kg N ha1 (Table 2). The higher yields
were probably responsible for better development of fruit,
increased uptake of nutrients in the plants leading to enhanced
chlorophyll content and carbohydrate synthesis, higher accu-
mulation of photosynthesis and their distribution to the devel-
oping ovules. The results are in conformity with ﬁndings of Lal
(1992), in chili.
Latiri-Soki et al. (1998), reported that, irrigation and N
increased dry matter production and grain yield of wheat.
They suggested that the increase might be due to increased leaf
area index (LAI), green spikes area and an increase in the per-
iod for which the crop remained green which resulted in in-
creased capture efﬁciency of radiation energy and
consequently more dry matter production.
A signiﬁcant effect of a different time of nitrogen applica-
tion was also found on fruit yield of M. charantia (Table 1).
The highest fruit yield (1334.7 g m2) was obtained at the T3
treatment (T3 = 1/3 at 3 and 4 leaves, 1/3 before ﬂowering
and 1/3 after fruit to start). Nitrogen is the most important
constituent of plant yield and proteins and is required through-
out the crop growth period from vegetative stage to subse-
quent harvesting. Harris (1986), stated that delaying nitrogen
application led to lower grain yield in wheat but increased pro-
tein content.The interaction between time and rate of nitrogen applica-
tion, however had not a signiﬁcant inﬂuence on fruit yield of
M. charantia (Table 1), but the highest values (2057.7 g m2)
of fruit yield were obtained at the N2T3 treatment (Fig. 1).
Papadopoulos (2001) founded a signiﬁcant relationship be-
tween nitrogen concentration and yield in cucumber.
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Figure 2 Changes in the calcium content of Momordica charan-
tia subjected to rate and time nitrogen.
132 M. Heidari, M.M. Mohammad3.2. Mineral elements (N, P and K)
Statistical analysis of data in this study showed, nitrogen fertil-
izer treatment had a signiﬁcant effect on nitrogen, phosphorus
and potassium contents in the fruit of M. charantia (Table 1).
By increasing nitrogen level from 75 to 225 kg N ha1, the val-
ues of these three elements were increased. The highest values
were obtained at the N3 treatment. In the N3, the content of
nitrogen, phosphorus and potassium increased about
53.26%, 77.61%, and 25.85% respectively compared to the
N1 treatment (Table 2). Britto and Kronzucker (2002), indi-
cated, the application of NH4
+ and NO3 in the growth med-
ium can increase N uptake in plant, because NH4
+ and NO3
have a synergistic effect on plant N uptake.
In this experiment, the time of nitrogen application and
interaction between rate and time of nitrogen treatments had
not signiﬁcant effect on the amounts of nitrogen, phosphorus
and potassium (Table 1). However the time of nitrogen appli-
cation had not signiﬁcant, but the highest amounts of nitrogen,
phosphorus and potassium contents in fruit of M. charantia
were obtained in T3 treatment (Table 2).
3.3. Mineral elements (Ca, Mg, Fe, Mn and Zn)
Nitrogen treatment rate had a signiﬁcant effect on the amounts
of calcium, manganese and zinc elements in the fruit ofM. cha-
rantia (Table 1). By increasing nitrogen level from 75 to
225 kg N ha1, the amounts of these elements were added. In
this case, the highest values of calcium and zinc were obtained
at N2 and manganese at N3 nitrogen treatment rate (Table 2).
This increase for calcium, zinc and manganese were about
14.28%, 16.58%, and 24.75% respectively compared to the
N1 treatment (Table 2).
Plant nutrient availability and uptake ability in soil can be
enhanced by the overall N balance and on the amount of soil
nitrogen reserves (Cassman et al., 2002). Increased application
of nitrogen fertilizer increases nutrient uptake response but
may adversely affect crop quality. Nitrogen is utilized mostly
for protein synthesis in plants and it is necessary for the syn-
thesis of amino acids, proteins and other cellular components
which play an important role in the protection of plants
against stress and pests (De Kok et al., 1999).
Time of nitrogen application treatment in this experiment
had only signiﬁcant effect on the amounts of calcium and zincelements and had no signiﬁcant effect on the other elements
(Table 1). The highest values of calcium in fruit ofM. charantia
were obtained in T3 and T1 respectively (Table 2). Mahgoub
et al. (2006), stated that nitrogen application as side dressing
resulted in greater N content and other elements in the Iris
bulbs.
Among the nutrients studied in this experiment, interaction
between rate and time of nitrogen fertilizer was the only signif-
icant effect on calcium element (Table 1). The highest values of
calcium were obtained in N2T2 treatment (Fig. 2).
4. Conclusions
This study has clearly shown that M. charantia growth, fruit
yield and nutrient elements can be promoted by the rate and
time of nitrogen application. Our results suggest that, the
application of a 150 kg N ha1 had a beneﬁcial effect on the
fruit yield and nutrients uptake pattern. Based on these ﬁnd-
ings, it is recommended that the application of nitrogen at
the rate of 150 kg N ha1 is economical and suitable for the
growth of M. charantia. Nitrogen application in the time of
T3 treatment had much more favorable results than other time
of application on fruit yield and nutrient uptake in
M. charantia.
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